ABSTRACT. One-day-old broiler chickens were given commercial chicken starters during first 4 weeks of growth. The chickens were then divided into two groups: one group was fed commercial intensive growers (control feed), and the other group was fed commercial broiler finishers (high-nutrient feed). Body weights were calculated weekly. At eight weeks old, blood samples were collected and heart tissues were examined histopathologically. Significant increases in body weight as well as pathological findings in the heart muscle and an elevation of serum creation kinase (CK) were observed in chickens fed with broiler finisher. Histopathological changes in heart fiber resembled that of sudden death syndrome, and this heart damage was thought to be related to the increase of CK levels. -KEY WORDS: broiler chicken, heart muscle, high-nutrient.
transferred to a battery until the end of the experiment. The chickens were given commercial chick starters (Golden chick 20, Kyodo Shiryo Co., Ltd., Yokohama) during the first 4 weeks of growth. The chickens were then divided into two groups (Group A and Group B) with 10 birds each. The birds in Group A were fed commercial intensive growers (Daisu 14, Kyodo Shiryo Co., Ltd., Yokohama), and the birds in Group B were given commercial broiler finishers (Finisher Silver, Nippon Formula Feed Mfg. Co., Ltd., Yokohama). The chemical components of these feeds are shown in Table 1 . The chick starter and the intensive grower are commercial feeds for egg layers, and the broiler finisher is a feed for broilers. Live weights were recorded once a week for 8 weeks after hatching.
Eight weeks after hatching, blood samples were collected by a syringe from the right wing vein of each bird. All birds were euthanatized after blood collection. The visceral organs were observed grossly and the hearts were collected. Tissue samples from each bird were fixed in 10% neutralbuffered formalin and embedded in paraffin wax, sectioned at 4 µm and stained with hematoxylin and eosin (HE). Serum was analyzed by a 7150 Automatic Blood Chemistry Analyzer (Hitachi, Ltd., Tokyo) for the following assays: aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH) and creatine kinase Sudden death syndrome (SDS) is reported to be a major cause of death in broiler chickens in many countries of the world. SDS generally affects well-grown broilers, and the broilers die suddenly with no evidence of disease [9] . Sudden cardiac failure is generally assumed to be the cause of death in SDS [2] . There is a significant increase in the death rate from SDS with increases in body weight [1] . Julian et al. [6] reported that rapidly growing broilers were more susceptible than slower growing broilers to increased pulmonary arterial pressure, resulting in right ventricular hypertrophy, right ventricular failure and ascites.
Examination of blood chemistry is useful for the diagnosis of diseases not only in mammalian animals but also in avian species [4] . As blood chemistry tests are safe, cheap and a convenient diagnostic method, the use of blood chemistry tests to detect heart damage in broiler chickens and to monitor heart diseases in the early stages is important for the poultry industry. In this study, we attempted to induce heart failure in broiler chickens by the administration of high-nutrient feed, and to detect early pathological changes by clinical chemistry.
One-day-old chickens (Chunky broiler), including of 7 males and 13 females were used in this study. The birds were kept in a brooder at the Experimental Farm of Rakuno Gakuen University. After 5 weeks, the chickens were (CK).
Both groups showed similar rates of increase in body weight until 5 weeks old (Table 2) . After 6 weeks, body weights in Group B began to increase more than those in Group A. The reason for the more rapid increase in the body weight of birds in Group B was thought to be due to the high-nutrient feed, which contained higher levels of crude protein, crude fat and metabolic energy than the feed for Group A.
Gross observation of the visceral organs after euthanasia showed no pathological change in any of the birds. Histopathological examination of the heart revealed degeneration and hypertrophy of heart fiber, an increase in heterophiles and macrophages, and an irregular outline of heart fiber in 6 out of the 10 birds in Group B (Fig. 1a and  b) . Hypertrophy of the nucleus was also observed. On the other hand, no histological changes were seen in Group A birds. The pathological findings observed in Group B birds were different from the characteristic changes seen in inflammation, infection or immunological reaction. Despite the fact that no case of sudden death were observed during the experimental period, these pathological findings may have some relation to SDS, because the histological change in the heart tissue was similar to reports of tissue damage in the heart of SDS broilers [3, 7, 8] .
As a previous study showed that the incidence of mortality due to SDS increase with increases in body weight [1] , pathological changes in the heart muscle in the present study may have been induced by the rapid increase of body weight.
Blood chemical tests revealed a significant increase in CK activity in Group B birds, although no significant changes in AST, ALT and LDH levels were observed (Table  3) . Since the tissues of the pectoral and heart muscles showed the highest AST, ALT, LDH and CK concentrations, and these enzymes, except LDH, have been shown to be sensitive to muscle damage in budgerigars [5] , the high CK activity in the present study may have been produced by the damage to the heart muscle.
The pathological changes in the heart muscle collected . Histological findings in the heart of Group B birds: degeneration and hypertrophy of heart fiber, an increase in heterophiles and macrophages, and an irregular outline of heart fiber.
from broilers which grew rapidly may have been able to be detected by serum CK activity. However, further investigation, such as CK isoenzyme analysis, is needed to clarify the correlation between serum CK activity and heart muscle damage in broiler chickens.
